Abstract: Periodontitis was reported to be associated with chronic obstructive pulmonary disease (COPD), and both diseases are related to smoking. To identify associations between periodontitis, smoking, and COPD, this cross-sectional study enrolled 1474 Japanese men (mean age 55.2 ± 8.9 years) surveyed between 2003 and 2006. Periodontal status was evaluated by using the community periodontal index. Periodontitis was defined as the presence of at least one sextant with a pocket depth ≥4 mm. Lung function was measured by spirometry, and COPD was defined as ratio of forced expiratory volume after 1 second to forced vital capacity of <0.70. Logistic regression analysis showed that the association between COPD and smoking was stronger for men with periodontitis (odds ratio 2.45; 95% confidence interval 1.37-4.37) than for those without periodontitis (odds ratio 1.64; 95% confidence interval 0.91-2.94), after adjusting for age, number of present teeth, body mass index, alcohol intake, occupation, hypertension, and diabetes. The association between smoking and COPD was significant for men with periodontitis but was weaker for those without periodontitis. These findings suggest that periodontitis modifies the association between smoking and COPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow obstruction and airway inflammation. The prevalence of COPD is 9% to 10% in adults aged 40 years or older, but this estimate is mainly based on data from North America and Europe (1, 2) . A 2004 Japanese study of adults aged 40 years or older reported a prevalence of 10.9% (3) . The World Health Organization estimates that COPD is the fourth leading cause of death in the world and will be the third leading cause of death by 2030 (4, 5) . COPD is considered a preventable and treatable cause of morbidity and mortality (6) . Thus, it is important to improve our understanding of factors associated with COPD.
Several studies have noted a link between COPD and periodontitis (7) (8) (9) . In addition, a recent meta-analysis reported a significant association between periodontitis and COPD but found evidence of publication bias (10) . Smoking is an important risk factor for periodontitis (11) (12) (13) (14) and the most important causative factor in COPD development (15, 16) . Previous studies found an association between COPD and periodontitis in current smokers but not in former or never-smokers (8, (17) (18) (19) . Therefore, it appears that the combination of periodontitis and smoking plays a role in COPD development. However, the interactive effect of periodontitis and smoking on COPD has not been clarified. We examined the associations of periodontitis and smoking with COPD in Japanese men.
Materials and Methods

Study participants
This cross-sectional study analyzed dental and medical data from health check-ups at the Japanese Red Cross Kumamoto Healthcare Center, in Kumamoto, Japan. We analyzed available records for 1795 men for the period from 2003 
Dental and medical examination and questionnaire
The participants' oral health status was assessed by a dentist (ST) in 2003, 2004, 2005, and 2006 . To determine oral health status, the number of teeth was recorded, and periodontal condition was assessed in all present teeth. Periodontal status was evaluated by using the Community Periodontal Index (CPI) (20) , and the highest CPI code for each sextant was recorded and analyzed. Periodontitis was defined as the presence of at least one sextant with a pocket depth ≥4 mm (CPI score ≥3).
COPD was assessed with spirometry and defined as a ratio of forced expiratory volume after 1 second to forced vital capacity of <0.70, as suggested by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification for airflow limitation (Global Strategy for the Diagnosis, Management and Prevention of COPD, GOLD 2016; http://goldcopd.org/).
Weight and height data were used to calculate body mass index (BMI). Underweight was defined as a BMI less than 18.5, normal weight as a BMI between 18.5 and 24.9, and overweight as a BMI of 25.0 or higher. Information on smoking status, alcohol consumption, drug therapy for hypertension and diabetes, and occupational status was obtained from a self-administered questionnaire. Participants were categorized as never-smokers (men who had never smoked regularly) and former/ current smokers. The cumulative dose of smoking was expressed in pack-years. One pack-year is equivalent to 20 cigarettes smoked per day for 1 year. Alcohol consumption was classified by frequency as never drinking, drinking 1 to 4 days a week, and drinking more than 4 days a week. Occupational status was divided into four categories: professional or manager, office worker, other worker, and homemaker, unemployed, or retired. "Other worker" includes skilled workers, salespeople, service workers, security guards, farmers, fishers, transport workers, and telecommunications workers.
Statistical analysis
To evaluate associations between COPD, periodontitis, and COPD-related factors, the chi-square test was used to analyze categorical variables and the Mann-Whitney U test was used for continuous variables. To explore the combined association of periodontitis and smoking with COPD, participants were classified into four groups, namely, no periodontitis and no smoking, periodontitis and no smoking, no periodontitis and smoking, and periodontitis and smoking. Logistic regression was used to examine the multivariate association of COPD (dependent variable) with periodontitis and smoking (independent variables) and to calculate odds ratios (ORs) and 95% confidence intervals (CIs). The following logistic regression models were tested: 1) a model including periodontitis and smoking, 2) a model including smoking, stratified by periodontitis status, and 3) a model including the combination of periodontitis and smoking. Smoking status and pack-years of cigarette smoking were entered separately into the model including smoking status and the model including pack-years of cigarette smoking. In the logistic regression model for presence of COPD, the potential confounders were age, number of present teeth, BMI, alcohol consumption, occupation, hypertension, and diabetes. SPSS software (version 23.0 for Macintosh; IBM Japan, Tokyo, Japan) was used for data analysis, and a P value less than 0.05 (two-sided) was considered to indicate statistical significance.
Results
The demographic and clinical characteristics of participants with COPD (n = 149) and without COPD (n = 1325) are shown in Table 1 . The percentages of participants with a highest CPI score of 0, 1, 2, 3, or 4 were 14.7%, 12.2%, 25.4%, 45.9%, and 1.8%, respectively. COPD prevalence was 12.7% among participants with periodontitis and 7.8% among participants without periodontitis. Table  1 shows that age, number of present teeth, presence of periodontal disease, history of smoking, BMI, and occupational status significantly differed between men with and without COPD.
Logistic regression analysis showed that smoking status and pack-years of cigarette smoking were significantly associated with COPD, after adjusting for age, number of present teeth, BMI, alcohol consumption, occupation, and medical treatment of hypertension and diabetes (Table 2) . However, the association between periodontitis and COPD was not statistically significant.
Regression analyses stratified by periodontitis status showed that the association between smoking status and COPD was stronger for men with periodontitis (OR 2.45; 95% confidence interval 1.37-4.37) than for those without periodontitis (OR 1.64; 95% confidence interval 0.91-2.94) ( Table 3 ). The association was similar for pack-years of cigarette smoking. In analysis stratified by smoking status, no significant association between periodontitis and COPD was observed among smokers or never-smokers.
When ever-smokers with periodontitis were compared with never-smokers without periodontitis, the combined presence of periodontitis and smoking was significantly associated with COPD (OR 2.27; 95% confidence interval 1.31-3.92) ( Table 4) .
Discussion
The main finding of this cross-sectional study was that COPD risk was higher for Japanese male smokers with periodontitis than for those without periodontitis. This finding sheds light on the associations between periodontitis, smoking, and COPD.
The present study expands on previous research by showing that periodontitis modifies the association between smoking and COPD. A separate analysis of periodontitis revealed a significant association between smoking and COPD in men with periodontitis. Even in men without periodontitis, smoking tended to be associated with COPD, although the association was not significant. The adjusted OR for COPD among ever-smokers was 2.5 in men with periodontitis and 1.6 in men without periodontitis (Table 3) , which suggests that the strength of the association between smoking and COPD is greater for men with periodontitis than for those without periodontitis. Thus, it is possible that periodontitis strengthens the association between smoking and COPD.
In contrast to earlier findings (7-10,21), we found that periodontitis was not significantly associated with .001 OR are adjusted for age, number of present teeth, body mass index, alcohol intake, occupation, hypertension, and diabetes. Models 1 and 2 included smoking status and pack-years of cigarette smoking, respectively. COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval.
be attributable to differences in study setting. The Korean men were community residents, whereas our participants were men receiving optional health check-ups. However, our findings are consistent with those of a study (17) that analyzed data from the Third National Health and Nutritional Examination Survey and found that periodontal disease was not associated with COPD, after adjusting for smoking and other potential confounders. A possible explanation for the absence of a significant association between periodontitis and COPD is that periodontitis is not as strongly associated with COPD as it is with smoking. Moreover, periodontitis alone may not increase COPD risk.
COPD risk was higher among smokers with periodontitis, which supports the hypothesis that periodontitis modifies the association between smoking and COPD. This relationship may be attributable to an inflammatory response. COPD is characterized by chronic airway inflammation, which is often caused by long-term smoking (22) . Smoking is believed to elicit an inflammatory response resulting in increased release of tissue destructive substances, including proinflammatory cytokines (23) . In addition, elevated systemic inflammation is associated with COPD exacerbation (24) . Several cross-sectional studies reported that systemic inflammation was more severe among patients with periodontitis than among healthy individuals (25, 26) , which suggests that periodontitis is linked to systemic inflammation. In smokers with COPD, periodontitis may be associated with even greater systemic inflammation. It is possible, therefore, that periodontitis strengthens the association between smoking and COPD through an inflammatory response. In view of this, coexistence of periodontitis and smoking deserves more attention as a potential risk factor for COPD.
This study has several limitations. First, the crosssectional study design makes it difficult to identify temporal relationships. Longitudinal studies are required in order to gain a clearer understanding of the associations between periodontitis, smoking, and COPD. Second, our findings may not be representative of the general population, as the participants underwent voluntary paid check-ups and are thus likely to be healthier than the general population. The COPD prevalence of 10.2% for men is considerably lower than the 16.4% of Japanese adults with COPD in a study by Fukuchi (3) . This difference may be due to the fact that Fukuchi's study subjects were demographically representative of the general Japanese population (3) . Another potential reason is that the prevalences of 15.4% and 15.6%, for former and current smokers respectively (3), are higher than the 11.5% prevalence for former/current smokers in our study. Our sampling method restricts generalization of our results to the wider Japanese male population. Third, we used CPI to assess periodontal status, so periodontal condition was not comprehensively evaluated. Moreover, it is likely that mild periodontitis was included in this study, because our definition of periodontitis was the presence of at least one sextant with a pocket depth ≥4 mm. Nevertheless, periodontitis, as defined by our criteria, is associated with systemic inflammation. Moreover, a previous study found that subjects with periodontitis, as defined by the same criteria, had higher C-reactive protein levels than did subjects without periodontitis (27) . We observed similar results: C-reactive protein concentration was 0.13 ± 0.26 mg/dL in men with periodontitis and 0.10 ± 0.21 mg/dL in men without periodontitis (P = 0.002; data not shown).
Despite these limitations, our results indicate that the association between smoking and COPD is stronger in men with periodontitis than in those without periodontitis. The present results highlight the importance of maintaining good periodontal health and the possible benefits of stopping or reducing smoking for decreasing COPD risk and thus improving patient quality of life.
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